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Abstract 
The influence of deposition conditions and laser annealing on the electrical properties of 
indium gallium zinc oxide (IGZO) semiconducting thin films was investigated. 50 nm 
thick IGZO films were deposited by radio frequency (RF) magnetron sputtering at room 
temperature and subsequently laser annealed in ambient conditions to enhance the 
IGZO electrical properties. Excimer laser annealing (ELA) was conducted by Krypton 
fluoride (KrF) excimer laser (λ= 248 nm) with single pulse over a range of fluences up 
to 175 mJ/cm2. The electrical properties of IGZO films were studied by four point probe 
(4PP) and Hall Effect measurements. Results demonstrated that the applied deposition 
conditions control the IGZO films metallic composition, which is found to be directly 
linked to IGZO films electrical properties.  The as-deposited IGZO films were highly 
resistive with sheet resistance > 5 MΩ/sq and therefore 4PP and Hall Effect 
measurements could not be performed on the as-deposited  films. Upon ELA, however, 
the sheet resistance is noticeably reduced to about 500 ± 10 % Ω/sq. Also, IGZO films 
demonstrated Hall mobility of 14 cm2/Vs and electron density of 3×1019/cm3 subsequent 
to ELA at 100 mJ/cm2. The reported findings present ELA as an efficient technique to 
engineer the electrical properties of sputter-deposited IGZO films. Therefore, a 
combination of room temperature deposition, via RF magnetron sputtering, and laser 
annealing could be used as a fabrication route of IGZO  films for active layers of 
transparent thin film transistors (TTFTs) and applicable to flexible electronics which 
require low substrate temperature. 
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1. Introduction  
Transparent amorphous oxide semiconductors (TAOS) are very promising for display 
technologies and flexible electronics due to their high transparency in the visible region 
combined with tuneable electrical properties based on an application requirements. In 
particular, indium gallium zinc oxide (IGZO) thin films have attracted considerable attention 
as an active layer in transparent thin film transistors (TTFTs) on heat-sensitive flexible 
substrates for which low processing temperature is required [1,2]. IGZO thin films provide 
high carries mobility even in amorphous phase unlike conventional semiconductors where 
high mobility is achieved in crystalline structure. Amorphous structure of IGZO films also 
provide smooth surface profiles and uniformity over large area which are important 
requirements for large area TTFTs devices fabrication. In IGZO the conduction band 
minimum is composed of unoccupied s-orbitals of heavy metal cations, while the valence 
band maximum consists of fully occupied oxygen O2p orbitals [2,3]. The heavy metal cations 
should have electronic configurations of (n–1)d10ns0 (n≥4) [4,5] to maintain a direct overlap 
between neighbouring metals (ns) orbitals leading to continuous conduction paths even in 
amorphous structure and therefore relatively high carrier mobility compared to amorphous 
silicon [2,6]. IGZO based TFTs have been demonstrated as switching devices in organic light 
emitting diode OLED displays, and active matrix liquid crystal  displays AMLCD [7,8]. 
IGZO thin films are deposited by different solution and vacuum based techniques. 
Sputter-deposition  is a well-known vacuum based deposition technique which is commonly 
used to deposit thin film materials for optoelectronics applications and research due to the 
following advantages: growths of high quality thin films at ambient temperature and large-
area applicability as well as uniformity [1]. Post- deposition thermal annealing is typically 
required to remove point defects and impurities and to tune the amorphous structure 
randomness of IGZO, resulting in enhancing the IGZO thin films and the related devices 
performance and stability. However, thermal anneal at processing temperature higher than 
150°C hinders the application of heat sensitive plastic substrates when considering low cost 
and flexible substrates for electronic applications. As an alternative to thermal annealing, 
photonic processing technique is a method of interest, combined with low temperature 
deposition to facilitate the use of flexible substrates and thus the roll-to-roll fabrication routes 
of optoelectronic devices. Studies have been reported on the influence of laser annealing on 
microstructure and electrical properties of room temperature sputter-deposited intrinsic and 
doped zinc oxide thin films. [9, 10, 11]. Also the effect of pre and post laser processing on the 
electrical properties of IGZO-TFTs was demonstrated [12]. However, the work to date has not 
investigated the influence of laser processing on the electrical properties of IGZO thin film 
grown at various conditions without intentional substrate heating. 
This articles presents the effect of excimer laser annealing on the electrical properties of 
IGZO films deposited at room temperature by RF magnetron sputtering at various RF power, 
oxygen concentration, and form targets with different compositions. 
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2. Experimental procedure 
2.1. Thin films sputter-deposition 
50 nm thick IGZO films were sputter-deposited without intentional substrate heating 
(substrate temperature ~ 50°C) by RF magnetron sputtering technique from In2O3:Ga2O3:ZnO 
targets (target diameter 76.2 nm) with two different nominal composition ratios of (2:2:1) and 
(1:1:1) onto silicon dioxide coated silicon substrates. Deposition was performed across a 
range of sputtering conditions by varying oxygen concentration (2% O2 in Ar,  and 5% O2 in 
Ar), and applied RF power (50 W, 100 W) at deposition pressure of 2 mTorr. 
2.2. Post deposition annealing  
The as-deposited IGZO thin films were diced onto 10 mm × 10 mm pieces and 
subjected to laser annealing using a krypton floride (KrF) excimer laser system at Nottingham 
Trent University-UK. The used annealing system was a Lambda Physic LPX 305i excimer 
laser with an operating wavelength of 248 nm and a pulse width of 25 ns. The laser system is 
equipped with a beam homogenised  and optics to produce laser spots with an area of 10 mm 
× 10 mm. Various fluences (energy density in units of J/cm2) with single pulse irradiation 
were used to investigate the IGZO electrical properties changes upon laser annealing. The 
examined fluences were in the range of 0 mJ/cm2to 175 mJ/cm2 (±6%) single pulse. 
2.3. Thin films characterisation. 
IGZO thin films were characterized at room temperature by the four point probe 
technique (4PP), to determine the samples sheet resistance, and by a HMS 3000 Hall Effect 
measurements system in Van der Pauw configuration with a magnetic field of 0.54 T, to 
determine the samples resistivity, Hall mobility, and carriers density. To examine the effect of 
the fabricated IGZO films metallic compositions on their electrical properties, energy-
dispersive X-ray spectroscopy (EDX) was used with scanning electron microscope (SEM). 
3. Results and Discussion 
All the as-deposited IGZO samples are highly resistive and their electrical properties are 
out of the measurement ranges of the used  systems. "Fig. 1" illustrates the sheet resistance as 
a function of laser flunces for IGZO films grown at 2 mTorr of various oxygen concentration 
( 2% O2 in Ar, and  5% O2 in Ar ) and various RF power (50 W and 100 W).  
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Figure 1: The effect of laser annealing on the sheet resistance of 50 nm IGZO films grown at 
(50 W or 100 W), 2 mTorr of ( 2 or  5 %) O2 in Ar, and from IGZO (2:2:1) target. 
 
The films annealed at fluence less than 75 mJ/cm2 were not measurable (highly 
resistive), whereas when the films irradiated at fluence from 75 mJ/cm2 to 125 mJ/cm2, a 
significant drop in sheet resistance was achieved for all films. Further increase in laser fluence 
beyond 150 mJ/cm2 causes a dramatic increase in the sheet resistance, which is coincident 
with visible damage and ablation of the film surface. Relatively lower sheet resistance was 
observed for film grown at oxygen concentration of 2% O2 in Ar compared to 5% O2 in Ar 
samples. When the films are grown at low oxygen content, oxygen vacancies form shallow 
electron donor levels near the conduction band which are ionized at room temperature 
creating free electrons [13]. As the oxygen content is increased during sputtering, oxygen 
atoms will start filling the oxygen vacancies forming IGZO films with less carriers density 
leading to high sheet resistance [13,14]. Also, the increase of sheet resistance could be 
attributed to the deposited films re-sputtering by bombardments of highly energetic oxygen 
ions within the sputtering environment on the films forming structure and surface defects.  
In terms of sputtering power, as the applied RF power is increased from 50 W to 100 W, 
a significant drop in sheet resistance is observed as shown in "Fig. 1". This drop would be 
attributed to the effect of indium has the highest sputtering rate than gallium and zinc [15], 
leading to more indium atoms being deposited on the films. Consequently, since indium has 
larger orbitals (5s) compared to gallium and zinc (4s), better overlap between adjacent atoms 
in IGZO is achieved leading to higher electron mobility and therefore lower sheet resistance 
[1,2]. Also, it could be attributed to oxygen deficiency within the particles contributing to the 
film being deposited, whereby at high RF power more sputtered metallic particles are struck 
away from the target resulting in insufficient amount of oxygen used to oxidize particles on 
the deposited films which in turn results in oxygen vacancies and thus free electrons 
generation [16]. Over all, the lowest sheet resistance was observed for laser annealed films 
grown at low oxygen concentration of  2% O2 in Ar and high applied RF power of 100 W. 
These films would combine between the higher oxygen vacancies density, producing higher 
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carrier density, with the higher indium content, maintaining  better carrier mobility. Similar 
trends were observed for laser processed IGZO films deposited from target with composition 
of (1:1:1) at various RF power and oxygen concentrations, lower sheet resistance values were 
obtained at higher RF power or at lower oxygen concentration. 
"Fig. 2" shows sheet resistance comparison for films sputter-deposited from a target 
with a composition of (2:2:1) or (1:1:1) under the same sputtering conditions of 2 % O2 in Ar, 
2 mTorr, room temperature, 50 W or 100 W applied RF power. It is revealed that IGZO films 
deposited from the (1:1:1) target exhibit higher sheet resistance than IGZO films from (2:2:1) 
target, which is attributed to higher indium content in the latter set of IGZO samples. 
As- deposited films using various deposition conditions and target compositions were highly 
resistive (they had sheet resistance out of the measurement range of 4PP technique> 5 MΩ/sq) 
for all deposition conditions examined. Laser annealing resulted in dramatic drop in sheet 
resistance and the influence of laser annealing on the IGZO films electrical properties is 
highly dependent on the metallic composition of the deposited films which in turn is 
determined by the applied deposition parameters. "Fig. 3" demonstrates the IGZO films 
metallic composition changes upon different RF power as well different target compositions. 
Considering the data shown in "Fig. 2" and "Fig. 3", it is revealed that increasing the applied 
RF power to both targets results in higher indium concentrations. Consequently, IGZO films 
with the largest indium content (52%), deposited at RF power of 100 W from IGZO (2:2:1) 
target,  exhibited the lowest sheet resistance (~ 500 Ω/sq) upon ELA at 125 mJ/cm2.   
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Figure 2: Sheet resistance changes of laser annealed 50 nm thick IGZO thin films deposited at 
(50 W or 100 W), 2 mTorr of 2 % O2 in Ar, and from IGZO (1:1:1) or (2:2:1) targets. 
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Figure 3: Atomic concentrations of indium, gallium, and zinc on IGZO films deposited at 
different RF power for targets of different compositions, obtained by EDX. 
 
The measurements of samples sheet resistance was performed to probe the samples 
resistivity changes upon ELA, given that sheet resistance (Rsh) = resistivity (ρ)/thickness (t). 
However, for TTFTs the samples carriers density and Hall mobility are more important 
electrical properties. "Fig. 4" illustrates the electrical properties as determined by room 
temperature Hall Effect measurements of laser annealed IGZO thin films of 50 nm thickness 
grown at (50 W applied RF power, 2 % O2 in Ar, and 2 mTorr) as a function of laser energy 
density. The as-deposited film and the annealed films at laser fluence of 25 mJ/cm2 and 50 
mJ/cm2 were highly resistive to be measured due to difficulties on producing ohmic contacts 
between the samples and the measurement system sample holder. As the laser fluence is 
increased from 75 mJ/cm2 to 100 mJ/cm2 with single pulse, the Hall mobility is increased 
noticeably from about 11.0 cm2/Vs to 14.0 cm2/Vs, while the carrier density is increased form 
0.91×1019/cm3 to 3.03×1019/cm3. The Hall mobility enhancement is assigned to the 
amorphous structure randomness relaxation upon ELA-induced heating and to local atomic 
rearrangement. While, the carrier density increase is attributed to reducing the adsorbed and 
microstructural defects via the photoconductivity effect and local atomic rearrangement, 
respectively [4]. ELA at 125mJ/cm2 results in conductive IGZO samples with resistivity of  
9.71×10-3Ω.cm and electron density of 5.36 ×1019/cm3 which are not suitable for TTFT 
switching devices where semiconducting properties are needed. Also, at this fluence the Hall 
mobility is reduced to 12 cm2/Vs which could be an indication of IGZO crystallisation and 
micro grains formation upon ELA at high energy density. Further increase of laser energy 
density to 175 mJ/cm2 causing a dramatic drop in Hall mobility to 1.67 cm2/Vs, coincident 
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with visible damage to the films. The corresponding values of resistivity determined by Hall 
measurements decreased from 5.92 x 10-2 to 1.48 x 10-2 Ω cm as the laser fluences increased 
from 75 mJ/cm2 to 100mJ/cm2, which is attributed to the observed improvements in carriers 
density and Hall mobility upon ELA.  
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Figure 4: Resistivity, Hall motility, and carrier concentration values of  50 nm thick IGZO films 
deposited at 50 W and 2 mTorr of 2 % O2 in Ar. 
Nakata et.al reported the dependence of Hall mobility and carrier density on laser 
fluence of laser annealed IGZO film via XeCl excimer laser (λ=308 nm) deposited with 
thickness of 50 nm where the highest Hall mobility of 17 cm2/Vs  is achieved at laser fluence 
of 330 mJ/cm2 [17]. While, in the work presented here, the highest mobility is observed  at 
100 mJ/cm2. The difference in the optimal laser energy density between Nakata et.al results 
and the reported results in this work is attributed to more localised processing via KrF 
photons, used in this work, that have a penetration depth of 45 nm compared to 70 nm for 
XeCl photons [18,19]. Therefore, when KrF photons are used most of the laser energy is 
absorbed  by the 50 nm thick IGZO samples, in contrast, when XeCl photons are used the 
laser energy is also absorbed by the underneath silicon dioxide layer on silicon substrates 
causing less efficient usage of ELA induced heating. 
4. Conclusion  
Results presented here demonstrate that laser annealing is a powerful techniques to 
modify the electrical properties of IGZO thin films grown without intentional substrate 
heating via RF magnetron sputtering. The electrical characteristics of IGZO thin films are 
shown to be strongly dependent on the target composition and the growth parameters. The as-
deposited IGZO films were highly resistive (sheet resistance > 5 MΩ/sq). Upon ELA, 
however, the sheet resistance of IGZO thin films demonstrate a significant drop as a function 
of the applied deposition conditions. For IGZO films deposited from IGZO (2:2:1) target at 
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50 W and 2 mTorr of 2% O2 in Ar, the sheet resistance decreased to about 500 ± 10 % Ω/sq 
after laser irradiation. ELA is demonstrated to tune the carriers density and Hall mobility of 
IGZO films over a wide range from highly resistive samples to rather conductive samples. 
Therefore, suitable semiconducting thin films for TTFTs could be fabricated through fine 
optimisation of ELA conditions. In addition, the relatively lower laser energy density needed 
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 زنك جاليوم االنديوم أكسيد من موصل شبه لرقائق الكهربائية صائصالخ هندسة
 1عبد السالم تمتوم يعل ،1يخالد محمد العجيل ،2ي، سالم عمر الهمال1مفتاح ابوصبيع خيري
 ، جامعة المرقب، ليبيا، كلية الهندسةلحاسوباقسم الهندسة الكهربائية و 1
 ، ليبيااإلسالمية األسمريةوالحاسوب، كلية الهندسة، الجامعة  قسم الهندسة الكهربائية2
 ملخص البحث
شبه موصل من الكهربائية لرقائق  صائصلى الختم دراسة تأثير ظروف الترسيب الفيزيائي والمعالجة بالليزر ع
عن طريق الترسيب  نانو ميتر 50بسمك  IGZO( الرقيقة. تم تحضير رقائق IGZOاالنديوم جاليوم زنك )أكسيد 
تسخين )عند درجة حرارة الغرفة( وبعد ذلك تم معالجتها بالليزر في  أيالفيزيائي بمصدر ترددي راديوي بدون 
الهواء ودرجة الحرارة المحيطة من أجل تعزيز الخصائص الكهربائية. تم إجراء المعالجة بالليزر من نوع ليزر 
مللي جول  175صل إلى ي كثافة طاقةنبضة واحدة على مدى من ب ) nmλ = 248) موجيفلوريد الكريبتون بطول 
( 4PPبأربع نقاط ) مجسالمعالجة بالليزر عن طريق  IGZO. تم اختبار الخصائص الكهربائية لرقائق 2سم لكل
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(. أظهرت النتائج أن المعالجة بالليزر هي تقنية فعالة لضبط والتحكم في Hall effect  (ت تأثير هولوقياسا
عتمد على المتغيرات بتأثير يالرقيقة المصنوعة في درجة حرارة الغرفة  IGZOالكهربائية لطبقة  صائصالخ
 )sheet resistance (باستخدام الترسيب الفيزيائي. حيث كانت مقاومة الرقائق قالرقائ تحضير فيالمستخدمة 
اوم / مربع بعد المعالجة  500± 10والتي انخفضت إلى حوالي %( sq/Ω(ميقا اوم / مربع  5عالية جدا أعلى من 
  )mobility Hall Effect  (حركة ناقالت تحت تأثير هول الحصول علىأيضاً إمكانية بالليزر. أظهرت النتائج 
 IGZO مما يجعل رقائق بعد المعالجة بالليزر 3cm/1910×3 حوالي ناقالتتركيز و Vs/2cm14 حواليتبلغ 
( وقابلة للتطبيق على اإللكترونيات المرنة TTFTsكطبقة مادة شبه موصلة للترانزستورات الرقيقة الشفافة )مناسبة 
 .التي تتطلب تصنيع عند درجة حرارة منخفضة
الترسيب الفيزيائي بمصدر ترددي  الرقائق، حركة الناقالت،مقاومة  ،االنديوم جاليوم زنك أكسيد ئقرقا الكلمات المفتاحية:
 .المعالجة بالليزر ،راديوي 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
